Genetic variation due to non-nuclear DNA has been generally ignored by animal breeders. Recent evidence has confirmed that mitochondrial inheritance is predominantly of maternal origin in mammals. Advances in biotechnology make manipulation of non-nuclear and nuclear material in embryos likely in the future. 
I. Introduction
Maternal effects on traits expressed in offspring have been the subject of numerous studies (I!OCH & C LARK , 1955 ; Cox et al., 1959 ; W ILLHAM , 1963 ; E ISEN , 1967 ; R OBISON , 1972 ; R UTLEDGE , 1980 ; R ISKA et al., 1985a, b) . Particular emphasis has been placed on estimation of maternal components of variance (W ILLHAM , 1963 (W ILLHAM , , 1972 E ISEN , 1967 ; T HOMPSON , 1976 ; R ISKA et al., 1985a) and problems associated with their effect on selection response (FALCONER, 1965 ; F OULLEY & L EFORT , 1978 ; R OBISON , 1981) .
Consideration of maternal effects as directed through cytoplasmic inheritance, including mitochondrial DNA, has been generally ignored or received only passing mention. E ISEN (1967) lists cytoplasmic inheritance as a possible source of covariance among animals of a similar maternal line but excludes estimation of the variance due to that source. RoBISON (1972) and W AGNER (1972) both suggested that mitochondria may play a role in maternal effects.
Central to the problem of estimation of variance due to mitochondrial DNA or cytoplasmic genes is the mode of inheritance. Mitochondrial DNA is known to be maternally inherited in animals (BROWN, 1980 ; H AYASHI et al., 1978 ; G ILES et al., 1980 ; G YLLENSTEN et al., 1985) . Amount of mitochondrial DNA of paternal origin after 8 generations of backcrossing in mice was estimated to be only .0017 (G YLLENSTEN et al., 1985) . Mitochondrial DNA evolves at a higher rate than nuclear DNA (BROWN et al., 1979 ; L A i p is & H AUSWIRTH , 1980 ; C LAYTON , 1982) . This evolution could be expected to reduce the covariance among relatives in the same maternal line over time but no estimation of this effect exists. Another possible source of reduction of the covariance among relatives is the heterogeneity of mtDNA in an individual. However the present evidence is in favor of homogeneity within individual organisms (AviSE & L ANSMAN , 1983 ; BO U RSOT & BONHOMME, 1986).
Evidence cited for the role of cytoplasmic effects includes differences in traits from reciprocal crosses (B RUMBY , 1960 ; B ERE S KIN & T OUCHBERRY , 1966 ; R OBIS O N et al., 1981 ; DzA P O and W ASSMUTH , 1983) (1963, 1972) . Development and specific discussion concerning these designs are in each respective publication. Actual estimation of these components is discussed in EtsErr (1967) and in R ISKA et al. (1985a) .
In order to compare the various designs and to evaluate the consequences of adding the mitochondrial component to the original models, the information matrices (X'X) are inverted and the diagonal elements of (X'X)-l used as criteria of statistical efficiency, following the suggestion made by E ISEN (1967) . Relative efficiencies are expressed as inverse ratios of the diagonal elements of the designs being compared.
III. Results
The modified expectations in the mating designs of E!sErr (1967) (Ris! et al., 1985b) is not straightforward. Also ignored here is the covariance that exists between nuclear DNA and mitochondrial DNA. An example of this covariance is the control of antigen expression by mitochondria while the structural gene for the antigen is under nuclear control (G OODFELLOW , 1983 More remote possibilities may also be envisaged, such as transfer of nuclei, allowing for instance to estimate the two covariances between identical twins produced artificially and placed in the same or different cytoplasmic (mitochondrial) environment. The difference of these covariances would yield a direct estimate of a MT 2 Possibilities of these modified designs clearly depend on the emergence of biotechnological advances and on their costs. However, given recent findings concerning the apparent importance of non-nuclear DNA for some traits, determination of variation due to non-nuclear DNA as outlined here is warranted.
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